Abstract The class system in place during the Edo (early modern) period in Japan is thought to have included a range of customs that differed between the samurai (ruling class) and commoners. The incidence of caries in the dentition of the samurai was significantly lower than that of commoners. This difference is considered to be due to diet, eating frequency, and tooth care. As to location of the caries, it was found that the incidence of root caries in the samurai was remarkably lower than that in commoners. Root caries does not occur until gingival attachment recedes in an apical direction. The samurai and commoners did not show a significant difference in incidence of periodontal disease, while many samurai dentitions exhibited slick-polished teeth and wedge-shaped defects, which are thought to have been caused by the customary brushing of teeth. Such a custom might have successfully prevented dental caries. Given these findings, we consider that the lower incidence of caries in the samurai, compared with commoners, resulted from the influence of oral hygiene practices that helped to prevent root caries.
Introduction
A class system divided the Japanese population by law into samurai, farmer, craftsman, and merchant classes during the Edo period (1603-1867: the early modern times). The samurai class came into existence in the Middle Ages. Originally the samurai were warriors, but they belonged to the ruling class during the Edo period. It is thought that customs differed in various ways between the samurai and commoners, including probably diet and oral hygiene. Did differences in custom cause dental carious and periodontal conditions to vary between samurai and commoners? Sakura (1964) and Inoue et al. (1982) reported on the dental carious conditions of Edo-period commoners. Regarding the samurai of the Edo period, a single report by Sakura (1964) is known concerning the dental carious condition of members of the shogun family. However, the shogun family belonged to the uppermost class of the samurai and, as Sakura (1964) described in his paper, they are not regarded as typical of the samurai class.
Dental disease is influenced by environmental factors. When comparing dental pathology of the samurai and commoners, we must investigate skeletons excavated from the same general location in order to exclude differences in regional environmental factors other than lifestyle. Fortunately, 357 skeletons of samurai and 1211 skeletons of commoners who lived during the Edo period have been excavated from Kokura in Fukuoka prefecture. In the present study, using these skeletal series, we examined whether there were any differences between the samurai and commoners in dental pathology, and discuss possible causal factors involved in the differences.
Materials and Methods
The old site of the Sougenji temple is a burial site in Kokura, Fukuoka prefecture, Japan (Figure 1 ). The Sougenji temple was initially founded in Shinshu Matsumoto in the Chubu district by Ogasawara Hidemasa, who was lord of Shinshu Matsumoto. However, the temple was moved when the Ogasawara family was transferred by the Edo shogunate to Kokura, Kyushu in 1632. It burned down in 1866, but was rebuilt in 1869 and moved to its present location in 1975.
The old site was excavated in 1992. Over 600 graves were revealed, containing 357 skeletons of Ogasawara retainers who belonged to the samurai class. From evidence such as the form and design of vessels, archeologists consider the bodies to have been buried during the 17th or 18th centuries (Ogata, 1995) .
The Kyomachi site is a burial site in Kokura, Fukuoka prefecture, near the old Sougenji temple site. The site was excavated in 1992 and 1211 skeletons of commoners were excavated. Archeologists consider the bodies to have been buried during the 16th-19th centuries (Kamimura, 1993) . Matsushita (1993 Matsushita ( , 1995 examined skeletons buried at the Sougenji and Kyomachi sites, and estimated age and sex from skeletal morphology. He classified the adult skeletons as adolescent (16-20 years old), young adult (21-39 years old), middle-aged adult (40-59 years old), or senior adult (over 60 years old). Table 1 shows the age and sex of the excavated skeletons in which dental pathology could be examined, as reported by Matsushita (1993 Matsushita ( , 1995 .
With respect to each age group and sex of both samurai and commoners, the following information and variables were tabulated: number of examined teeth and dental sockets (Examined), observed teeth (Observable), carious teeth (Carious), antemortem tooth loss (AMTL), and the ratio of carious teeth (Carious R) and AMTL (AMTL R).
The samurai sample contained a larger number of senior adult individuals than the sample of commoners. Of the 123 samurai adults whose age could be estimated, 26 (21.1%) were classified as senior, in contrast to three of 109 (2.8%) in the commoners. Since the incidences of caries and AMTL are age dependent, differences in the age profiles of the two population samples could account for differences in apparent prevalence of dental pathologies. Indeed the AMTL ratio of the samurai senior adults of both sexes and the carious ratio of the samurai female senior adults were significantly higher than the corresponding ratios of the samurai middleaged adults (Table 2) . Therefore, to avoid influence of the difference in age profile, the senior adult data were excluded from combined age comparisons.
The severity and location of dental caries was assessed by unaided visual examination, using dental tools. The degree of closure of the dental socket was used to judge whether the tooth had been lost during the individual's lifetime (i.e. antemortem), or whether the loss was postmortem.
Dental attrition was classified into eight grades according to Molnar's (1968) coding system, partly modified by Hinton (1981) . To compare dietary habits, occlusal attrition of middle-aged and senior adults of the Edo period was compared to that of prehistoric and ancient Japanese people: hunter-gatherers and agriculturalists of the Yayoi period (300 BC-300 AD) (Oyamada et al., 1996) and people of the Kofun period (300 AD-600 AD).
Results

Individual counts of caries and AMTL
There were no significant differences between the samurai and commoners regarding the frequency of individuals with caries and AMTL (Table 3) .
Incidence of caries and AMTL
Results of chi-square tests between males and females are shown in Table 4 . Although the adolescent and young adult males of both the samurai and commoners have significantly higher AMTL ratios, the male and female data were combined for interclass comparisons. This is because sample sizes of each tooth type were small in the single-sex sam- 
Carious R ** --** -* -** ** A M T L R * * * * * * * *ples. The frequencies of caries and AMTL of the combinedsex age groups of the samurai and commoners are shown in Table 5 with respect to each tooth type. The total carious ratio of the commoners was significantly higher than that of the samurai in all age group comparisons. With antemortem tooth loss, while a rapid increase with age was observed in both samurai and commoners, only the adolescent and young adult age group exhibited a significantly higher frequency in the samurai than in the commoners. The raw frequencies of each sex are given in Appendix 1 and Appendix 2, together with the results of chi-square tests between the samurai and commoners.
Location of dental caries
The location of caries (i.e. the position of caries within the tooth) was compiled with respect to each age group, in order to determine whether the differences in frequencies of carious teeth between the samurai and commoners are reflected in location. The results were summarized as frequencies of crown or root caries (Table 6 ). The raw tabulations are given in Appendix 3 and Appendix 4. For convenience, the number of observable teeth of each group was used as the denominator of the ratios. The crown carious ratio of the commoners was significantly higher than that of the samurai in the adolescent and young female and combined-sex samples, while the root carious ratio was significantly higher in the commoners than in the samurai in all comparisons except for the adolescent and young female samples. Table 7 shows the average degree of attrition seen in the samurai and commoners (Edo period), the hunter-gatherers and agriculturalists of the Yayoi period, and people of the Kofun period. Figure 2 provides a graphical representation of the results of the principal component analysis of attrition scores. Dental attrition was milder in the samurai and commoners of the Edo period than in the earlier Japanese people.
Dental attrition
Wedge-shaped defects and polished teeth
We often found incidences of wedge-shaped defects (WSDs) or slick-polished labial and buccal tooth surfaces in the samurai dentition (Figure 3) . Table 8 summarizes the frequencies of individuals with polished teeth or WSDs. Onefifth of the samurai had some polished teeth or WSDs, a frequency significantly higher than that found in commoners.
Discussion
Comparison of the present results with previous studies
The only researchers who had previously reported the incidence of caries in Edo-period commoners were Sakura (1964) and Inoue (1982) . They examined specimens that had been excavated in Tokyo, and reported caries frequencies of 19.3% and 14.9%, respectively. The overall frequency of A. and Y., adolescent and young adult; M., middle-aged adult. There were no siginificant differences between the samurai and commoners. 
>> and << represent instances of P<0.01 with males and females having larger values, respectively.
/ indicates lack of data in the female senior adult age commoners. Principal component analysis applied to dental attrition scores (for abbreviations, see Table 7 ). 15.8 ** P < 0.01, * P < 0.05 (samurai vs commoners)
carious teeth was 12.2% in the present study (Table 5) , somewhat lower than that reported by Sakura (1964) and Inoue (1982) . This discrepancy in the incidence of caries could be due not only to a difference of lifestyle but also to regional environmental factors. Furthermore, since the effect of inter-observer error in the diagnosis of carious teeth is unknown, the actual difference in the prevalence of caries among the samples cannot yet be confirmed.
Reason for the lower incidence of caries in the samurai
To exclude the influence of regional environmental factors other than that of lifestyle, we compared the dentition of the samurai and commoners of the same period and area. The present results showed that, although there were no significant differences between the samurai and commoners in the frequency of individuals with caries and AMTL, the incidence of teeth with caries (in the entire dentition) was significantly lower in the samurai than in the commoners. This was so in the younger (adolescent and young adult), the middle-aged adult, and the combined adult age groups. The difference in the incidence of caries between the samurai and commoners is probably due to a difference in lifestyle between the two groups.
Dental caries is a multifactorial disease. Caries is considered to occur as a result of the interplay of three principal factors: host (teeth), microflora (bacteria), and diet (Keyes, 1962) . Newbrun (1978) insisted that time should be considered a fourth factor. It is difficult to discuss the oral microflora of ancient skeletons. As the samurai and commoners of the present study lived in the same period and area, their microflora may not have differed. As to teeth, Yamamoto (1988) reported that the prevalence of enamel hypoplasia (EHP) in the Edo period was high (over 60%), compared with skeletal series from the other periods of Japan. EHP can be considered as an environmental stress marker for nutritional deficiencies or systemic disease. Applying the method of Yamamoto (1988) , we observed EHP on the lower canine, which was considered by Yamamoto to be the most suitable for EHP observation. Although the EHP prevalence of both samurai and commoners (Table 9 ) were higher than that reported by Yamamoto (1988) , the difference was not statistically significant. The EHP analysis, therefore, suggests that the samurai and commoners did not differ in tooth quality. The larger number of senior adult individuals in the samurai population compared with the commoners might be the result of dietary influences. However, the stature of the samurai and commoners have been estimated to be almost the same (Matsushita, 1993) , suggesting a broadly comparable nutritional environment. Future studies should undertake chemical analysis of bone or dental material in order to examine possible differences in diet.
With regards to time, the fourth factor, dental caries is reduced if one shortens the time that food remains in the mouth. Possible methods to reduce the time that food remains in the mouth include eating less often and mouth washing after eating. Although the frequency of meals in the Edo period was three times a day in both the upper and lower classes, the farmer class would, depending on work, have eaten between meals (Watanabe, 1964) . Therefore, it is possible that a difference in the frequency of eating caused the difference we observed in the prevalence of dental caries between the samurai and commoners. However, as the sample of commoners from the Kyomachi site is considered to consist of both merchants and farmers, the actual difference in the frequency of eating is unknown. Regarding mouth washing, there are some very interesting observations on the samurai teeth. Approximately 20% of the samurai had slick-polished labial and buccal tooth surfaces. Furthermore, since the polished surfaces were restricted to areas that could be reached by a tufted toothpick, we presume that the polish was caused by tooth brushing. Tooth brushing with a tufted toothpick was recorded as early as the Edo period, during which time many types of tooth powder were sold (Hasegawa, 1993) . One wooden full upper denture, one full lower denture, and two partial upper sets of stone dentures were excavated from the Sougenji site (Ogata, 1995) . Furthermore, 22 skeletons of the Sougenji samurai series had been buried with their own antemortem missing teeth (Oyamada et al., 2000) . Taken together, these findings indicate that the samurai buried at the Sougenji site must have been extremely interested in oral hygiene. That is, interest in oral hygiene led the samurai to start brushing their teeth, which might have successfully prevented dental caries. We consider that this was one of the reasons for the significantly lower incidence of dental caries in the samurai compared to the commoners.
Effect of tooth care by the samurai
These results lead us to investigate what aspect of tooth caries was prevented by samurai tooth care customs. Root carious ratios in the commoners were for the most part significantly higher than in the samurai (Table 6 ). Root caries do not occur until gingival attachment recedes apically. Two factors are generally attributed to this movement: one is continuous tooth eruption that compensates for tooth crown attrition, the other is periodontal disease. Since attrition in both the samurai and commoners was not severe, compensatory tooth eruption can be disregarded as the factor leading to root exposure.
Periodontal disease generally intensifies with age, and eventually results in teeth falling out. Progression of periodontal disease must have resulted in the rapid increase of AMTL with age in both the samurai and commoners (Table  5) . Thus, we postulate that periodontal disease caused gingival migration in both samurai and commoners. This leads us to question the cause of the low incidence of root caries in the samurai. Was it because periodontal disease was more severe in the commoners, or was it that the oral hygiene practiced by the samurai reduced the incidence of cervical caries? The incidence of AMTL did not differ greatly between the middle-aged adults of the samurai and commoners, indicating a comparable incidence of periodontal disease. Therefore, the low incidence of root caries in the samurai was probably influenced by oral hygiene practices.
The main way of preventing caries is by cleaning one's teeth. However, cleaning is less effective at preventing periodontal disease when this develops under the gingival margin. Therefore, we conclude that periodontal disease progressed to the extent that the tooth root was exposed in both the samurai and commoners. However, the reduced incidence of dental caries in the samurai compared to commoners was influenced by the prevention of root caries by tooth care. On the other hand, since the polished tooth surfaces were mostly restricted to labial and buccal surfaces, we calculated the ratio of labial and buccal to lingual caries (Table 10 ). There was no significant difference between the samurai and commoners, but the labial and buccal caries ratios of the commoners were greater than those of the samurai. Therefore, we hypothesize that labial and buccal caries decreased in the samurai as a result of tooth brushing.
Comparison with results from other countries
Although there are a number of reports describing the incidence of caries in medieval populations (Brinch and Moller-Christensen, 1949; Hardwick, 1960; James and Miller, 1970; Lunt, 1972 Lunt, , 1974 Moore and Corbett, 1973; Olsson and Sagne, 1976; Whittaker et al., 1981; Kerr et al., 1988 Kerr et al., , 1990 Varrela, 1991) , few reports describe caries occurrence in populations of early modern times (Hardwick, 1960; Moore and Corbett, 1975; Corbett and Moore, 1976; O'Sullivan et al., 1993) . The present study is the first to compare dental pathology between different social classes of the same period and area
In modern populations, caries occurs most frequently at the contact areas of teeth, and then in the occlusal fissures. In Britain, by the 17th century, the pattern of carious attack had become recognizably similar to that occurring in modern populations (Moore and Corbett, 1975) . In skeletons excavated before the medieval period, caries of the approximal surface occurred most frequently at or near the cementoenamel junction (cervical area) Corbett, 1971, 1973; Lunt, 1974; Whittaker et al., 1981; Kerr et al., 1988 Kerr et al., , 1990 Varrela, 1991) . It has been observed that severe occlusal attrition may be accompanied by the compensatory phenomenon of continued tooth eruption in a coronal direction (Costa, 1982; Lever and Darling, 1983) . This progressive coronal migration of teeth can lead to the exposure of the cervical areas of teeth. As attrition increases, the contact points are also destroyed, and this allows food to stagnate in the cervical areas. Therefore, continuous tooth eruption is likely to have been an important factor in the development of cervical caries (Kerr et al., 1990; Varrela, 1991) . However, as mentioned above, since occlusal attrition of the dentition of the present study was not severe, the cause of the root caries is attributed to periodontal disease.
We believe that the differences in the cause and location of caries are due to variation in diet. In Britain, the change in caries location to the modern type was caused by a marked increase in the use of finely milled flour for bread making, and a marked increase in the consumption of cane sugar (Moore and Corbett, 1975; Corbett and Moore, 1976) . Occlusal attrition of the dentition examined in the present study was not severe, as would be expected from a diet based on rice as a staple, as consumed by many Japanese since prehistoric times. Caries at the contact areas and the occlusal fissures tend to develop in comparatively younger people. We speculate that the low incidence of caries at the contact areas and the occlusal fissures observed in the present study was due to the relatively low consumption of sugar in Japan, since this was a comparatively precious commodity during the Edo period (Sugita et al., 1982) .
The difference in the incidence of caries between the samurai and commoners is thought to have been influenced by their diet, eating frequency, and in particular tooth care. In order to determine whether the difference in the incidence of caries observed in the present study is universal between samurai and commoners, further research looking at other skeletons from the Edo period is required. Although a considerable number of skeletons belonging to commoners have been unearthed, this is not the case with the samurai skeletons, apart from the Sougenji people.
Conclusions
The incidence of caries in the dentition of the samurai was significantly lower than that of the commoners in the younger, middle-aged adult, and combined adult age groups. The difference in the incidence of caries between the samurai and commoners is considered to have been influenced by their diet, eating frequency, and tooth care. Regarding tooth care, many of the samurai were found to have slick-polished teeth and WSDs, which are thought to be caused by the customary brushing of teeth. This custom might have successfully prevented dental caries. The incidence of root caries in the samurai was remarkably lower than that in the commoners. Although periodontal disease progressed and the tooth root was exposed in both the samurai and commoners, the lower incidence of root caries in the samurai was probably a result of oral hygiene practices.
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